Prevalence of metabolic syndrome in children and adolescents is increasing, in parallel with the increasing trends in obesity rates. Varying definitions of this syndrome have hindered the development of a consensus for the diagnostic criteria in the pediatric population. While pathogenesis of metabolic syndrome is not completely understood, insulin resistance and subsequent inflammation are thought to be among its main mechanistic underpinnings. Overweight and obesity are cardinal features, along with abnormal glucose metabolism, dyslipidemia, and hypertension. Other disorders associated with metabolic syndrome include fatty liver, polycystic ovarian syndrome (PCOS), and pro-inflammatory states. Prevention and management of this condition can be accomplished with lifestyle modifications, behavioral interventions, pharmacological and surgical interventions as needed.
Introduction
As the proportion of the population with obesity continues to rise, the prevalence of metabolic syndrome is increasing in both children and adolescents (1, 2) . Children with metabolic syndrome have an increased risk of metabolic syndrome as adults, and possibly an increased risk of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD) (3, 4) . Thus, it has become crucial to gain a better understanding of its pathophysiology, risk factors and to identify strategies for management of metabolic syndrome in childhood (5) .
Historically, metabolic syndrome started as a concept, rather than a diagnosis and has been described using several other names throughout the years (6) . It was initially described in the 1920s, when Kylin, a Swedish physician, demonstrated the association of hypertension, hyperglycemia and gout (7) . Later in 1947, Vague showed that central obesity was associated with the metabolic abnormalities found in CVD and T2DM (8) . Avogaro and Crepaldi described this syndrome in 1965 and that it is comprised of hypertension, hyperglycemia, and obesity (9) . Reaven in 1988 described a cluster of risk factors for diabetes and CVD and named it "syndrome X". He was the first to describe insulin resistance and its association with metabolic syndrome (10) . In 1989, Kaplan renamed the syndrome "the deadly quartet" for the combination of upper body obesity, glucose intolerance, hypertriglyceridemia, and hypertension (11) , and in 1992, it was again renamed "the insulin resistance syndrome" (12) . In 2001, the National Cholesterol Education Program (NCEP) coined the term "metabolic syndrome", as the presence of 3 out of 5 risk factors: central obesity, hyperglycemia, hypertriglyceridemia, high-density lipoprotein (HDL) and hypertension. With the increase in obesity rates, investigators began associating obesity in children with disorders such as metabolic syndrome that were previously mostly seen in adults. In the last many years, research in this area has significantly increased. Yet, there remain many unanswered questions regarding the definition of metabolic © Translational Pediatrics. All rights reserved.
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Definition
Metabolic syndrome is defined by a constellation of physiological, biochemical, clinical, and metabolic factors that directly increase the risk of atherosclerosis, T2DM, and all-cause mortality (6) . Definitions of metabolic syndrome in adults have been published by many organizations including the World Health Organization (WHO), NCEP III, International Diabetes Foundation (IDF) and the National Heart, Lung and Blood Institute (NHLBI). Due to varying definitions, and an attempt to achieve some consensus, a statement was made by the Joint Task Force. According to this statement, the proposed criteria for metabolic syndrome in adults should include 3 of the following 5 criteria (14, 15) :
(I) Elevated waist circumference based on population and country-specific definitions; (II) Systolic blood pressure (BP) of 130 mmHg or more and/or diastolic BP of 85 mmHg or more or on treatment for hypertension; (III) Fasting blood glucose of 100 mg/dL or more or on treatment for hyperglycemia; (IV) Triglycerides of 150 mg/dL or more or on treatment for elevated triglycerides; (V) HDL cholesterol less than 40 mg/dL in males and less than 50 mg/dL in females or on treatment for reduction of HDL cholesterol. Currently, there are no consensus guidelines or diagnostic criteria for metabolic syndrome in the pediatric population (16) . In fact, more than 40 definitions have been reported (17) . Though the definitions have many similarities, there are important differences between them with respect to cut-off points for various parameters. These are summarized in Tables 1 and 2 (13, 14, (18) (19) (20) (21) .
Epidemiology
It is difficult to estimate the prevalence of metabolic syndrome in children because many different criteria have been used in its multiple definitions. Various publications have noticed prevalence numbers ranging from 0.2% to 38.9% (22) . In a systematic review of 85 studies in children, the median prevalence of metabolic syndrome in whole populations was 3.3% (range 0-19.2%), in overweight children was 11.9% (range 2.8-29.3%), and in obese populations was 29.2% (range 10-66%). For non-obese, non-overweight populations, the range was 0-1% (23) . Close to 90% of obese children and adolescents have at least one feature of the metabolic syndrome (18) . The prevalence is also higher in Hispanics compared to Caucasian, or African American population (14, 24) . A clustering of risk factors associated with metabolic syndrome has been demonstrated in certain adult populations, including East Asians, Asian Indians, Native Americans, Japanese Americans and Hispanics (25, 26) .
Pathogenesis
Although the pathogenesis of metabolic syndrome is not completely understood, recent data suggest that interaction between obesity, insulin resistance and inflammation play a key-role in its development (14) . It is suggested that accumulation of free fatty acids in the liver, adipocytes, skeletal muscles and the pancreas in the setting of obesity leads to impaired insulin signaling and subsequent insulin resistance. Insulin resistance in the liver leads to decrease in its effect on suppression of glucose production (27) . Additionally, hyperinsulinemia causes an increase in the transcription of genes for lipogenic enzymes in the liver, which leads to increased production of triglycerides. The increase in free fatty acids delivery to the liver is thought to result in hepatic insensitivity to the inhibitory effects of insulin on very low density lipoprotein (VLDL) secretion and overproduction of triglyceride-rich VLDL particles (28) . Elevated BP in metabolic syndrome is thought to be secondary to hyperinsulinemia via mechanisms such as sympathetic nervous system activity, renal sodium retention and smooth muscle growth (14) . Insulin has a vasodilatory effect on the endothelium secondary to the production of nitric oxide (a potent vasodilator) (29) . Endothelial dysfunction and disturbed vasodilatory response frequently occur secondary to insulin resistance (30) . It is believed that inflammatory cytokines release from dysfunctional adipocytes, such as, monocyte chemoattractant protein-1, and tumor necrosis factor-alpha, promotes macrophages migration to those adipose tissues and further increase cytokine production (14) . Additionally, a decrease in adiponectin level seen in obesity can result in more inflammatory process in the adipose tissues (14, 31) .
Clinical features
Clinical features seen in metabolic syndrome are: (I) Obesity: this is an essential component of the metabolic syndrome and the development of T2DM and CVD (14) . This is evident by the strong association between the degree of obesity and the prevalence of metabolic syndrome and insulin resistance after adjusting for race and ethnicity as described by Weiss and colleagues (31) . Obesity is diagnosed based on body mass index (BMI), with those with a BMI ≥95 th percentile for gender and age are considered obese (14) .
Overweight status is defined as a BMI of ≥85 th percentile and <95 th percentile in children.
Additionally, visceral fat accumulation, independent of the degree of obesity, is strongly associated with both childhood metabolic syndrome and CVD later in life (32, 33) . Visceral adiposity can be estimated using waist circumference, waist to hip ratio and (14) . While waist circumference is considered indicative of visceral adiposity (34) , the lack of pediatric reference range data precludes its use in the routine evaluation for childhood obesity. Alternatively, waist to height ratio is used in children. A ratio of 0.6 or more is indicative of increased risk for metabolic syndrome and CVD (35) . It is believed that the incorporation of waist measures can improve cardiometabolic risk stratification among children suggesting that waist measures should be considered in routine pediatric screening (35) . (II) Dyslipidemia: an increased triglyceride to HDL ratio could be used as a marker for elevated lowdensity lipoprotein (LDL) in adolescents. A ratio of 3 or more, is indicative of more small-dense LDL particles and is associated with a higher risk for CVD given the atherogenic effect of this LDL (36) . (III) Hypertension: an important component of the metabolic syndrome and a modifiable risk factor for CVD. (IV) Glucose intolerance and T2DM: insulin resistance is described in obesity. Glucose intolerance (impaired fasting glucose or impaired glucose tolerance) and T2DM develop as a result of deterioration of β-cell function and subsequent reduction in insulin secretion capacity. Impaired fasting glucose is defined as fasting blood glucose of ≥100 and <126 mg/dL and impaired glucose tolerance is diagnosed if blood glucose is ≥140 and <200 mg/dL at the 2-h mark of the oral glucose tolerance test (OGTT). According to the American Diabetes Association (ADA), diabetes is diagnosed when at least one of the following criteria are met: (i) hemoglobin A1C of 6.5% or more; (ii) fasting blood glucose of 126 mg/dL or more; (iii) blood glucose at 2 h post OGTT of 200 mg/dL or more; (iv) random blood glucose of 200 mg/dL or more with classic symptoms of hyperglycemia or hyperglycemic crisis. In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing (37) . Progression from insulin resistance towards glucose intolerance and or T2DM is variable among individuals. Hence, routine monitoring for the development of overt T2DM symptoms is essential. (V) Nonalcoholic fatty liver disease (NAFLD):
NAFLD is the most common cause of liver disease in children with a recent rise in its incidence that correlates with the increase in obesity prevalence among children and adolescents (38) . Liver involvement varies in severity from asymptomatic steatosis to nonalcoholic steatohepatitis (NASH) with inflammation to advanced fibrosis with cirrhosis, and can lead to hepatocellular carcinoma. Intrahepatic fat accumulation is thought to be secondary to insulin resistance, which in turn leads to macrovascular hepatic steatosis (38) . Diagnosis is challenging as a liver biopsy is required. However, noninvasive measurement of biochemical markers and ultrasonographic imaging of the liver may be helpful (38) . (VI) Polycystic ovarian syndrome (PCOS): PCOS is characterized by hyperandrogenism and is commonly associated with obesity and insulin resistance in adolescent females. However, PCOS is an independent risk factor for metabolic syndrome irrespective of the weight status or the presence of insulin resistance (39) . Females with PCOS should be monitored and screened frequently for development of evidence of metabolic syndrome (14) . (VII) Inflammatory markers: obesity is associated with pro-inflammatory state secondary to the increased production of inflammatory cytokines by the visceral adipocytes. Inflammatory markers include interleukin-6, tumor necrosis factor-alpha, and C-reactive protein (CRP) (31, 40) . CRP is used for CVD risk stratification in adults. In children, CRP is associated with insulin resistance in overweight and obese children and adolescents, although the exact relationship between CRP and metabolic syndrome is not entirely clear (41) .
Screening
Clinicians should identify obese and overweight children who are at risk for T2DM and CVD. These children should be screened for behavioral and medical risks, including persistent obesity, as well as its associated co-morbidities (42) . Presence of parental obesity is a major risk factor for childhood obesity that should be included in the screening evaluation (42) .
History and physical examination constitute the first step in screening for comorbidities. Clinicians should inquire about signs and symptoms for associated comorbidities such as obstructive sleep apnea which may be confirmed with polysomnography, PCOS, and liver disease (42) . Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, are reasonably good screening tests for fatty liver disease. Referral to a pediatric hepatologist is recommended for levels that exceed twice the upper limit of normal (42) . It is suggested that screening for liver disease be performed bi-annually starting at the age of 10 years for children with obesity or for those who are overweight with other risk factors (42, 43) .
Screening for T2DM is recommended in overweight and obese children and adolescents with any two of the following risk factors: (I) Family history of T2DM in first or second degree relatives; (II) at risk race or ethnicity (Native American, African American, Latino, Asian American, and Pacific Islander); (III) signs of insulin resistance or associated conditions such as acanthosis nigricans, hypertension, dyslipidemia, PCOS, or a history of being born small for gestational age; and (IV) maternal history of diabetes or gestational diabetes during the child's gestation (37) . The ADA recommends that screening be started at age 10 years or at the onset of puberty whichever occurs sooner, and to be repeated every 3 years (37) . OGTT is the gold standard for diagnosis of diabetes. Fasting glucose and/or hemoglobin A1C may be helpful in identifying patients at higher risk (37) . BP should be obtained annually at all health maintenance visits starting at age 3 years and compared to reference ranges from tables issued by the NHLBI (44) . Finally, routine screening for dyslipidemia with universal lipid screening between age 9 and 11 years with non-fasting non-HDL lipid profile is recommended for all children. Obesity is considered a moderate to high level risk factor for which screening with fasting lipid profile is recommended to be obtained for children 2-8 years of age (44) . Lipid profile should be repeated between age 12 and 16 years in overweight adolescents per the NHLBI recommendations. Dietary versus medical intervention should be pursued based on the level of abnormality and presence of other defined risk factors and high risk conditions (44) .
Prevention and treatment of metabolic syndrome

Prevention
The primary goal in prevention of pediatric obesity is promoting life style modifications such as healthy diet and increased physical activity. Life style modifications include adopting healthy eating habits by increasing intake of fruits and vegetables, more fiber and less dietary fat in addition to avoiding carbonated drinks, refined carbohydrates, high fructose corn syrup, high sodium, and processed food (45) (46) (47) . Fruit juice intake should be limited to 4-6 ounces per day for children 6 month to 6 years of age and 8-12 ounces daily for older children according the American Academy of Pediatrics (AAP). Daily fruit juice intake is found to be associated with increased risk for developing overweight status and obesity especially in early preschool years (48, 49) . Fruit juice should be replaced with whole fruits for additional nutritional value. Incorporation of at least 20 min of vigorous short bursts of physical activity 1 day, 3 to 5 days per week can improve metabolic measures in children and adolescents and may prevent obesity (47) . A meta-analysis conducted by Kamath and colleagues found that life style modifications had a positive effect on reducing sedentary behavior in long-term trials and reduced unhealthy dietary habits. Those changes were more effective when directed toward children compared to adolescents (50) . Additional life style modifications that can reduce the likelihood of developing obesity include: adopting healthy sleep habits; limiting discretionary screen time; involving the whole family and community in prevention efforts; using school-based programs and community engagement in prevention of pediatric obesity (45, 47) . A multidisciplinary approach, which includes dieticians, mental health practitioners, providers, and nurses is very helpful in obesity prevention. (47) .
Treatment
In general, treatment of childhood metabolic syndrome currently focuses on several areas that include weight reduction via dietary intervention, increased physical activity, life style modifications, and management of various disease-specific components (14) . Other available options to manage obesity include behavioral intervention, pharmacological therapies and bariatric surgery.
Lifestyle modifications and behavioral treatment
It is recommended that providers assess patients and families for readiness to change. This will facilitate incorporation of intervention. Programs involving the whole family in lifestyle intervention programs were found to have positive results in BMI reduction compared to those directed at the child alone (51, 52) . Weight reduction in obese children and adolescents following comprehensive nonsurgical interventions including diet, physical activity, education, and behavioral therapy were found to be associated with improvements in several metabolic parameters such as lipid profile indices and BP (53) . Obese children and adolescents should be screened for depression and other mood disorders given the increased risk for such mental health problems. Support and referral to available behavioral health resources for those in need is essential (14) . Formal maintenance programs are helpful in maintaining achieved weight loss (54) .
Dietary intervention
Dietary interventions recommended in the recent Endocrine Society guidelines based on the AAP and the US Department of Agriculture include: elimination of sugar sweetened beverages; decrease consumption of fast food; less added table sugar; avoidance of high fructose corn syrup; less high sodium processed food; and less saturated dietary fat in adolescents and children older than 2 years of age. Further, consumption of whole fruits, vegetables and dietary fiber is encouraged in addition to portion control education, enhancing food labeling, and encouraging eating regular meals to avoid grazing (47) . A recent meta-analysis conducted by Gow et al. (55) suggests that primary goal in dietary intervention programs should focus on reduced total energy intake based on the observation that a reduced energy diet, irrespective of the macronutrient distribution, was successful in improving weight status in overweight and obese children and adolescents. It is essential that dietary interventions and calorie reduction in children and adolescents are supervised by an experienced dietician in growing children's needs (47) .
Physical activity
It is recognized that inactivity can lead to lower insulin sensitivity in skeletal muscle and this can be reversed with increased physical activity (14) . A minimum of 20 min of moderate to vigorous physical activity daily, with a goal of 60 min daily is recommended in the context of a caloriecontrolled diet (47) . Physical activity is helpful in improving lipid profile by increasing HDL concentration and decreasing both LDL and triglycerides concentrations (56) . It is shown to improve insulin resistance and is correlated with lower fasting insulin levels (57) . Exercise may result in improvement of endothelial function with reduction in systolic and diastolic BP in addition to its abdominal fat reduction effect (58) . Physical activity is also found to have anti-inflammatory effects (59) .
Pharmacological therapies
Medications to treat T2DM, hypertension and dyslipidemia should be initiated as appropriate.
Pharmacological therapy for obesity are becoming increasingly common, particularly among those who do not respond to behavioral therapy alone (60) . The US Food and Drug Administration (FDA) has approved pharmacotherapy for children or adolescents with obesity, which is to be considered after a formal program of intensive lifestyle modification has failed to help with weight reduction or for management of comorbidities. High intensity life style modification programs should be continued along with pharmacotherapy (47, 61) . In general, FDA approved medications used in adults are also approved for adolescents ≥16 years of age with a BMI of ≥30 or ≥27 kg/m 2 associated with at least one obesity-related comorbidity (47) . Pharmacological therapies should preferably be prescribed by clinicians who are experienced in the use of anti-obesity agents and are aware of the potential for adverse reactions (47) . Adolescents who are being treated with anti-obesity medications need to be monitored closely during the therapy course for side effects and weight reduction results. Discontinuation of the medications and reevaluation should be considered in those who are unable to achieve >4% BMI/ BMI Z-score reduction following 12 weeks of treatment with the use of medication's full dosage (47) . Overall, there is limited evidence in adolescents regarding the safety and efficacy of pharmacological agents specifically in the long term (60) . Orlistat (a gastrointestinal lipase inhibitor) is the only obesity medication approved for the use in adolescents over 12 years of age (47, 62) . Orlistat was approved by the FDA in 2003 (63) . By inhibiting gastrointestinal lipase, Orlistat reduces the absorption of triglycerides and cholesterol (64) . Known side effects include significant gastrointestinal symptoms and hence it should be taken with meals. Additionally, it can affect the absorption of fat soluble vitamins (64) .
Metformin is not FDA approved for obesity but has been used off label to treat childhood obesity (63) . It controls hyperglycemia by reducing hepatic glucose production and enhancing tissue insulin sensitivity. Additionally, metformin may have an effect on appetite suppression (65) . Gastrointestinal symptoms are the most reported side effects with metformin and generally resolve with time or dose reduction. Lactic acidosis is the most serious adverse event associated with metformin use in adults, although there are no reported cases in children (63) . The only reported pediatric lactic acidosis cases resulted from overdose/toxicity in suicidal adolescents (66, 67) . Gastrointestinal adverse events generally resolve with time or dose reduction. A statistically significant but modest weight loss and BMI reduction effect with short term use of metformin combined with life style modifications has been reported. However, there is no clear evidence for long term benefit of metformin use and it is not considered a weight loss medication. It may potentially help prevent weight gain in children and adolescents treated with atypical psychotropic medications (68) and to reduce central obesity in girls with PCOS (69) . Additionally, metformin has been reported to be associated with modest reduction in both triglycerides and total cholesterol (63) . Sibutramine (a central acting monoamine reuptake inhibitor) (60) was removed from the US market in 2010 due to concerns for cardiovascular safety.
Other weight loss agents used in adults are still under investigation for the use in adolescents. Conjugated linoleic acid (CLA) is thought to be a weight reduction promoting agent, however based on meta-analysis by Onakpoya and colleagues, there is no evidence to support that CLA intake has any clinically relevant effects on body composition over long term. It was noticed that CLA has minimal weight loss effects (70) . Liraglutide, a glucagon like peptide-1 (GLP-1) analogue has been shown to have positive long-term results in obesity treatment in adults. A small trial done using another GLP-1 agent (exenatide) showed potential efficacy and safety in management of severe adolescent obesity (71) .
Bariatric surgery
Bariatric surgery can result in significant short-term weight loss in obese children and adolescents (72) . It is suggested that surgical intervention for obesity in adolescents be considered only for those who have either completed or almost completed their growth and have completed pubertal development. Bariatric surgery is recommended only if BMI is >40 kg/m 2 when mild weight related comorbidities are present or at >35 kg/m 2 if associated with significant and extreme comorbidities. Extreme comorbidities include T2DM, moderate to severe sleep apnea, pseudotumor cerebri, debilitating orthopedic problems, and NASH with advanced fibrosis (47) . Mild comorbidities include hypertension, dyslipidemia, moderate orthopedic problems, mild sleep apnea, NASH, and obesity related extreme psychological distress (73) .
Surgical options may be considered without a preceding pharmacological intervention trial, only if a formal life style modification program with documented compliance has failed. Surgical candidates should be evaluated for family unit stability and competency and to exclude any underlying psychiatric illnesses prior to proceeding with surgery. Furthermore, the patient should have an access to an experienced surgeon in a pediatric bariatric surgery center that provides the necessary infrastructure for patient's care, including a team capable of long term follow-up of the metabolic and psychosocial needs of the patient and the family (47) . Bariatric surgeries are contraindicated in preadolescents, pregnant and breastfeeding adolescents and those who are planning to get pregnant within the following 2 years. Additionally, surgical management is contraindicated in patients with unresolved substance abuse, eating disorder or any other underlying untreated psychiatric illnesses. All candidates should undergo psychological evaluation before surgery and in the perioperative period (74) .
Surgical options include restrictive, malabsorptive or combination procedures (47) . Laparoscopic adjustable gastric banding (LAGB) is an example of a restrictive procedure but is not preferred anymore given the high risk of re-operation and the long-term complication rates (47, 75) . Vertical sleeve gastrectomy (VSG) is another example of a restrictive procedure during which 85% of the stomach is resected, removing the fundus and greater curvature, leaving a narrow gastric remnant. VGS is becoming more popular given it has fewer complications and side effects than malabsorptive procedures (75, 76) .
Malabsorptive status is achieved by changing the intestinal anatomy which affects nutrients absorption through the intestinal mucosa. Roux-en-Y gastric bypass (RYGB) is an example of an approach in which gastrectomy provides a restrictive function, while bypassing most of the stomach creates a malabsorptive state and dumping syndrome (47) . In a meta-analysis done by Black and colleagues, there was a significant change in the BMI at one year following bariatric surgery with the largest reduction in BMI noticed with RYGB (72) . There is some evidence to suggest that bariatric surgery can lead to resolution of associated co-morbidities such as sleep apnea, type 2 diabetes and other cardiovascular risk factors (77, 78) . Bariatric surgery has also been reported to improve insulin sensitivity and secretion (79) . However, RYBG has an increased risk for vitamin D, calcium, and phosphorus malabsorption. Therefore, patients should be monitored for loss of bone mineral density (80) . It is recommended that all patients receive daily multivitamins due to the increased risk for multiple vitamin and minerals deficiencies (76) .
Conclusions
Metabolic syndrome is a serious disorder associated with © Translational Pediatrics. All rights reserved.
Transl Pediatr 17;6(4):397-407 tp.amegroups.com multiple diseased states. The definition and criteria for metabolic syndrome in childhood and adolescence remains uncertain at this time. Obesity in childhood is a risk for metabolic syndrome later in life and early intervention may help attenuate the disease process. It would be prudent for clinicians to identify at-risk patients and provide guidance on prevention and management of this disease. Further research is needed to gain a better understanding of this syndrome.
